Introduction
============

The hallmark feature of diabetes mellitus is constant elevation of blood glucose level which occurs due to destruction of pancreatic β-cell or the loss of cell responsiveness to insulin. Persistent hyperglycaemic condition may cause overproduction of free radicals by activating polyol and glucose pentose pathway, increasing glucose autooxidation and lipid peroxidation as well as disturbance of the antioxidant defence system. The resultant free radicals bring about intracellular oxidative stress (Baynes, 1991\[[@R7]\]).

Testicular and sperm cells have increased susceptibility to free radical damage due to higher level of polyunsaturated fatty acid (PUFA), low oxygen tension and lack of antioxidant defence mechanism (Aitken and Roman, 2009\[[@R2]\]). This may explain the possible aetiologies for increasing cases of infertility among males (Saalu, 2010\[[@R30]\]). Infertile male diabetics tend to suffer from decreased sex libido, diminishing sperm count, endocrine disturbance, impaired penile erection and ejaculation (Mallick et al., 2007\[[@R21]\]; Zhao et al., 2010\[[@R40]\]). In addition, many experimental studies have reported episodes of testicular dysfunction and sperm abnormalities in diabetic animals (Amaral et al., 2009\[[@R4]\]).

Oxidative stress plays an important role in pathogenesis of diabetic complications. Thus, natural products with antioxidant properties can be useful as alternative or complementary treatment for diabetes and its complications. Among them, *Hibiscus sabdariffa* Linn. (HS) is a valuable source of traditional medicine (Ubani et al., 2010\[[@R36]\]). It is native to tropical Africa and can also be found in India and Southeast Asia including Thailand and Malaysia (Mahadevan and Kamboj, 2009\[[@R19]\]). To date, there are three mutated variants of *H. sabdariffa* which are UKMR-1, UKMR-2 and UKMR-3 with different composition of active compounds (Osman et al., 2011\[[@R27]\]). Aqueous extract of HS is enriched in high antioxidant constituents, mainly flavonoids and vitamin C (Hirunpanich et al., 2006\[[@R13]\]; Tsai et al., 2002\[[@R35]\]).

In particular, anthocyanin from HS was able to protect *tert*-butyl hydroperoxide hepatic damage due to its antioxidant potential (Wang et al., 2000\[[@R37]\]). Whereas, its phenolic compounds were able to inhibit LDL oxidation induced by copper, nitric oxide and oxidative stress from strenuous exercise (Hsieh et al., 2006\[[@R14]\]; Lee et al., 2002\[[@R18]\]). *In vivo*studies in diabetics suggested that HS extract can suppress glucose elevation and alleviate oxidative damage in kidney and liver (Farombi and Ige, 2007\[[@R9]\]). To the point of interest, HS was claimed as aphrodisiac in folk medicine (Perry, 1980\[[@R28]\]). However, scarce evidence is available on toxicity of HS in experimental models (Abubakar et al., 2010\[[@R1]\]). Also its beneficial effects on the reproductive system in hyperglycaemic subjects have not yet been reported.

Therefore, the aim of this study is to investigate the effects of *H. sabdariffa*aqueous extract (HSE) on sperm function in diabetic animals by examining the level of androgen hormones and sperm quality.

Materials and Methods
=====================

Chemicals
---------

All reagents were purchased from Sigma-Aldrich Chemicals, Saint Louis, MO, USA.

Plant material and extracts
---------------------------

*H. sabdariffa* UKMR-2 variety was harvested from Plant House, Faculty of Science & Technology (FST), Universiti Kebangsaan Malaysia (UKM), Bangi, Selangor, Malaysia. The fresh calyxes of HS were blended in distilled water (1:2). The juice was boiled and allowed to cool at room temperature. The juice was then filtered using three layers of cheese cloth. Maltodextrin was added to the filtrate (1:9). The filtrate was freeze-dried and stored in dark container at 4 °C.

Animals
-------

A total of 24 male Sprague-Dawley (SD) rats aged 8 weeks (230 g-240 g) were obtained from Animal Resource Unit, Faculty of Medicine, UKM. The rats were placed in polypropylene cages (2 animals per cage) and kept under ambient condition. Rats were fed with commercial pellet diet and allowed free excess to water *ad libitum*throughout the experiment. Animals were acclimatized to the experimental condition for 1 week prior to experiment. All procedure with animals strictly adhered to the guidelines of UKM Animal Ethics Committee (UKMAEC).

Experimental design and dosing schedule
---------------------------------------

Male SD rats were randomized into four groups, each comprising of 6 animals. The experimental groups include control group (C), *H. sabdariffa* extract group (HSE), diabetes group (DM) and diabetes plus HSE group (DM+HSE). Diabetes was induced with a single intravenous injection of freshly prepared streptozotocin (STZ) (45 mg/kg) in overnight fast rats (Budin et al., 2011\[[@R8]\]). After 72 hours, fasting blood glucose level was measured using glucometer (ACCU-CHEK^®^ Performa, Roche Diagnostics GmbH, Germany) and rats with blood glucose levels above 360 mg/dl were included for this study. Control group received sterile distilled water and HSE group received HSE (100 mg/kg b.w.). HSE was administered orally for 28 consecutive days. Blood glucose level was monitored weekly throughout the study. Fasting blood glucose was determined using glucose oxidase method upon completion of this study (BioSystems SA, Spain).

Sample collection
-----------------

At the end of 4^th^ week, blood specimen was collected into EDTA tubes via cardiac puncture under light ether anaesthesia. Testicles, epididymis, seminal vesicles and prostate were excised from sacrificed rats and weighed. Caudal epididymis was minced in 2 ml pre-warmed Hank\'s buffer salt solution (HBSS) at 37 °C and centrifuged at 1,000 rpm, 4 °C for 3 minutes to obtain epididymal sperm. The supernatant was immediately processed for sperm assessment. Blood sample was centrifuged at 3,000 rpm, 4 °C for 5 minutes after which aliquots of plasma were collected and kept at -40 °C for further analysis.

Sperm count, sperm motility and sperm morphology assay
------------------------------------------------------

A total of 10 μl supernatant with epididymal sperm was used for sperm count and motility using Makler counting chamber (Sefi-Medical Instruments Ltd., USA) under 10× magnifications. A total of 200 sperms were observed for motility and categorized as motile or non-motile. Sperm morphology whereas was studied by preparing freshly sperm smear using 10 μl of sperm suspension. The dried smear was stained with Diff-Quik staining kit and mounted with DPX. Similarly, 200 sperms were observed under 40× magnifications and scored for morphology abnormalities as described by Kushwaha and Jena (2012\[[@R16]\]).

Determination of plasma hormone level
-------------------------------------

Plasma insulin level was analyzed using enzyme-linked immunoassay (ELISA) (Mercodia AB, Sweeden). Likewise, androgen hormones were assayed by a commercial ELISA kit. Testosterone ELISA kit was purchased from Abnova (Taipei, Taiwan) while follicle stimulating hormone (FSH) and luteinizing hormone (LH) ELISA kit were obtained from Uscn Life Sciences Inc. (Wuhan, China). All procedures adhered to the standard protocols supplied.

Statistical analysis
--------------------

All results were expressed as mean ± standard error of mean (SEM). Statistical analysis was performed using SPSS Statistical Package (version 18). One-way analysis of variance (ANOVA) was used for multiple comparisons, followed by Post-Hoc Tukey test to compare statistical difference between groups. A p value \<0.05 was considered significant difference.

Results
=======

Effect of HSE on body weight and organ weight
---------------------------------------------

Table 1[(Tab. 1)](#T1){ref-type="fig"} shows mean body weights and reproductive organ weights of rats by week throughout treatment period. Body weights were decreased significantly in both diabetic groups compared to control in every week of treatment (p\<0.05). HSE administration to healthy animals resulted in a significantly decreasing body weight compared to control group on day-14 and at the end of treatment (p\<0.05). On the other hand, administration of HSE to healthy animals did not cause a significant effect on absolute and relative weight of reproductive organs in comparison to control group (p\<0.05). Contrarily, diabetes resulted in a significant reduction in absolute weights of reproductive organs in comparison with control group (p\<0.05). In fact, diabetes significantly reduced relative weight of testis compared to normal (p\<0.05). However, relative weight of diabetic group showed no significant difference as compared to control. Administration of HSE in diabetic rats resulted in absolute reproductive organ weights to increase significantly compared to diabetic group except for seminal vesicle (p\<0.05). A significant reduction of absolute seminal vesicle weight in D+HSE group was observed compared to control (p\<0.05). In addition, D+HSE showed significantly increased relative weight in cauda epididymis and epididymis compared to diabetic group (p\<0.05). Prostate absolute and relative weights were not affected by HSE treatment.

Effect of HSE on glucose and insulin level
------------------------------------------

Figure 1[(Fig. 1)](#F1){ref-type="fig"} shows that the blood glucose level was significantly higher in both diabetic groups than in the control group (p\<0.05). Nevertheless, HSE administration led to a significant reduction of blood glucose level compared to the diabetic group (p\<0.05). This was followed by a significant increase of insulin level in diabetic administered with HSE in comparison with diabetic group as shown in Figure 2[(Fig. 2)](#F2){ref-type="fig"} (p\<0.05). Whereas, diabetes caused a significant decline of insulin level compared to the control (p\<0.05).

Effect of HSE on sperm quality assessment
-----------------------------------------

Figures 3[(Fig. 3)](#F3){ref-type="fig"} and 4[(Fig. 4)](#F4){ref-type="fig"} respectively demonstrate that administration of HSE in diabetic group significantly increased sperm count (p\<0.05) and motility (p\<0.001) compared to diabetic group. The frequency of sperm abnormalities in D+HSE group was significantly reduced in comparison with diabetic group as shown in Figure 5[(Fig. 5)](#F5){ref-type="fig"} (p\<0.05). Additionally, a significant reduction of sperm abnormalities was observed in HSE group compared to control group (p\<0.05).

Effect of HSE on testosterone, FSH and LH level
-----------------------------------------------

Figures 6[(Fig. 6)](#F6){ref-type="fig"} and 7[(Fig. 7)](#F7){ref-type="fig"} show that there is no significant difference among the groups in plasma testosterone and LH level. In contrast, level of plasma FSH in diabetic animals was significantly higher than control group as observed in Figure 8[(Fig. 8)](#F8){ref-type="fig"} (p\<0.05). Administration of HSE was significantly reduced plasma FSH level in hyperglycaemic condition compared to diabetes group (p\<0.05).

Discussion
==========

Diabetes mellitus (DM) is a metabolic endocrine disorder which affects multiple organs through its complications. With global prevalence, DM will become a major non-communicable disease in about 20 years (WHO, 2011\[[@R38]\]). Diabetes has brought about reproductive impairments in both males and females (Ramalho-Santos et al., 2008\[[@R29]\]). In the current study, the occurrence of male reproductive disorders in diabetic condition was proven using animal models. The study also investigated UKMR-2, a new mutated variety of *H. sabdariffa*as potential therapeutic drug for treating sperm and testicular dysfunction in hyperglycaemic state using type 1 diabetes model. UKMR-2 was chosen as it has the highest anthocyanin content among the three variants and has high value for commercialization.

In present work, intravenous administration of streptozotocin concurrently elevated fasting blood glucose level with a reduction in plasma insulin level as reported earlier (Shrilatha and Muralidhara, 2007\[[@R33]\]). Streptozotocin is a specific β-cell destructor which alters glucose homeostasis. Absence of insulin hormone disturbs glucose transportation across the cell membrane, thereby decreasing body weight of diabetic animals. Interestingly, administration of HSE significantly recovered fasting blood glucose and plasma insulin level in diabetic rats. This is in accordance with the findings of Wisetmuen (2008\[[@R39]\]). HSE most probably has the ability to regenerate pancreatic β-cells. However, recovery of insulin level in diabetic animals following HSE treatment may not necessarily increase body weight as reported before (Ballester et al., 2004\[[@R6]\]).

The excised reproductive organs from diabetic rats were also of lower weight. Since testosterone level was unaffected, the physical alterations possibly resulted from metabolic disturbances due to insulin deficiency and inadequate food intake. In fact, insulin therapy was shown to recover body weight and weight of the reproductive organs in previous studies (Jackson and Hutson, 1984\[[@R15]\]). Reduction in testicular weight and size could also be due to testicular atrophy. During atrophy, the size of testicular lumen reduces with seminiferous tubular diameter. Thinning of epithelial lining thus increases intratubular spaces, resulting in reduced organ weight (Seethalakshmi et al., 1987\[[@R31]\]). Anyhow, prostate, being an androgenic sensitive organ, was unaffected in this study despite remarkable increment in FSH level. Decreased reproductive organ weight could have been the culprit for reduced body weight in diabetic rats (Bal et al., 2011\[[@R5]\]). HSE was capable of maintaining the reproductive organ weights, by which it was also able to prevent substantial weight loss in diabetic rats.

In addition, streptozotocin-induced diabetic rats also had poor sperm quality. Epididymal sperm count was low with remarkable abnormalities in sperm motility and morphology. These were consistent with previous finding on male reproductive system in diabetic condition which indicates infertility (Bal et al., 2011\[[@R5]\]). Oxidative stress plays a key role in pathogenesis of DM induced male reproductive defects (La Vignera et al., 2012\[[@R17]\]). In diabetics, cellular respiration is accelerated due to hyperpolarization of mitochondrial membrane potential (Ramalho-Santos et al., 2008\[[@R29]\]). More mitochondrial reactive oxygen species are generated. Resulting mitochondrial dysfunction impairs spermatogenesis and decreases sperm motility (Shamsi et al., 2008\[[@R32]\]).

Apart from that, sperm head membrane is also highly sensitive to oxidative stress due to rich polyunsaturated fatty acid content. Constant exposure to free radicals in diabetes renders sperm cellular organelles to damage via lipid peroxidation and protein oxidation. The oxidative damage initiates sperm plasma membrane destruction, apoptosis and germ cell death (Gobbo et al., 2012\[[@R11]\]). Current situation is worsened by lack of transcription machinery and highly condensed DNA in sperm, where free radicals induce genotoxicity by initiating sperm DNA denaturation and fragmentation with limited DNA repair. Damage of genetic material in spermatogonia and spermatocytes has been related to the increased sperm abnormalities. These alterations bring about possibilities of genetic disorders if passed down to offspring (Silva and Gadella, 2006\[[@R34]\]).

Androgenic hormones are another factor that can regulate spermatogenesis. In present work, plasma testosterone and LH level were unaffected in diabetic rats while FSH level was remarkably high. It was noted that diabetes did not alter the functions of pituitary glands and Leydig cells but affected Sertoli cell functions owing to reduction in FSH receptors. FSH plays a predominant role in proliferation and differentiation of Sertoli cells. Impaired regulation of FSH thus affects the metabolic capacity of Sertoli cells leading to a marked reduction in Sertoli cell numbers and decrease in germ cells. Since Sertoli cells are involved in developing sperm cells and regulating internal environment of seminiferous tubules through blood-testis barrier, reduction in their number further decreases spermatogenic output (Niewoehner, 2004\[[@R23]\]). Another possible reason for low sperm count is low testicular glucose utilization in streptozotocin-treated rats. Reduced glucose uptake considerably decreases cellular glycogen contents which serve as energy source for sperm development. Thereby, glycogen depletion inhibits generation of lactate by Sertoli cell (Hamden et al., 2010\[[@R12]\]).

The present findings showed that HSE administration resulted in marked restoration in epididymal sperm count, sperm motility and sperm abnormalities towards control levels. The protective effects of this extract may be due to its free radical scavenging properties. Anthocyanin, the most abundant constituent in HSE, enhanced activities of antioxidant enzymes and prevented lipoperoxidative as well as hemolytic damage induced by 2,4-diphenylhydrazine in red blood cells (Ologundudu et al., 2009\[[@R24]\]). HSE was also able to inhibit leakage of lactate dehydrogenase, formation of malondialdehyde and unscheduled synthesis of DNA repair, by which it prevented cytotoxicity in *tert-*butyl hydroperoxide induced hepatic damage. Furthermore, recent studies confirmed antimutagenic activity of HSE modulated by its phenolic acid constituents (Olvera-García et al., 2008\[[@R25]\]). Its antioxidant actions could also restore the impaired vascular responses (Ajay et al., 2007\[[@R3]\]).

Other studies also proved that antioxidant therapy increased sperm quality. Kushwaha and Jena (2012\[[@R16]\]) revealed that antihypertensive drug can induce the amelioration of sperm DNA damage, reduces the oxidative stress and down-regulates the expression of NFκB and COX-2 expression in streptozotocin-induced diabetic rat. In other way, quercetin can improve epididymal sperm quality and decrease serum ROS and ox-LDL in diabetic condition. Vitamin C treatment also demonstrated that dearrangement of epididymal tissue components (stroma, epithelium and lumen) can be prevented and attenuated oxidative damage noted in diabetic condition (Glaura et al., 2011\[[@R10]\]). Further, Mohasseb et al. (2011\[[@R22]\]) reported that intake of a combination of vitamin E, C and alpha lipoic acid can protect from testicular damage and germ cell apoptosis resulting in increased spermatogenesis in diabetic male. Fenugreek (*Trigonella foenum-graecum*), otherwise, prevents sperm alteration by improved steroidogenesis and carbohydrate metabolism in diabetic state (Hamden et al., 2010\[[@R12]\]).

It is noteworthy herein to mention that no general signs of toxicity were observed from body and reproductive organ weight restoration in HSE consumption group. In addition, HSE treatment of diabetic rats caused only a slight increase in body weight during the course of the experiment. Moreover, no animal exhibited noticeable adverse effects from the administration of extract. This finding is quite surprising because previous research found that *H. sabdariffa*has deleterious effects to male reproductive system and possesses spermatoxic properties (Orisakwe et al., 2004\[[@R26]\]; Mahmoud, 2012\[[@R20]\]). However, the present work showed that UKMR-2 has not only prevented reproductive defects in diabetics but also improved the quality of sperms. Therefore, we suggest that the difference of phytoconstituents in UKMR-2 from previous variety possesses synergistic effect which gives protection towards male reproductive problems.

The results of the present study revealed that, HSE ameliorated sperm defects in streptozotocin-induced diabetic rats but the protection mechanism of HSE remains unclear. However, this preliminary study opens a new platform for studying HSE as a potential therapeutic agent in treating diabetes and its reproductive complications. For this reason, subsequent study is currently conducted to reveal molecular actions of HSE in reproductive system.
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